in fact a not untypical Victorian family. We were not in touch with inter esting people in the scientific or literary worlds, and had a rather narrow circle of interests. Also Woolwich was a perfectly deadly place in which to spend so much of our early lives.
'In 1874 I was sent as a boarder to a dame's school in Rochester, kept by Miss Maclean, at the Restoration House. This house was built about 1600, and the school occupied about half of it. It was here that Charles II slept on his way from Dover to London, at the Restoration. There was one master, an excellent man, by name Blackman, who had a real gift for teach ing elementary mathematics to small boys. O ur dining-room had the original tapestry on its walls, now long since removed and sold. Instruction in games was nil.
'In 1878 I was sent as a boarder to Thompson's School in Jersey. This school had seen better days; Thompson was ill. His brother, the Rev. G. Thompson, taught mathematics well; and generally speaking the instruction was good. But in other respects the school was a bad one as regards the general tone. Games were badly looked after. In after life it has always been a source of regret to me that I was not sent to a public school; I could easily have got a scholarship. Before I went to this school there had been two boys there who became famous in life-Millais, the painter, and Wingate, the Sirdarat least so we were told.
'About 1880 I was sent as a day-boy to a crammer's. Samuel Winter, the crammer in question, lived at Plumstead, near Woolwich. He was an excellent instructor, especially in the mathematics required for the entrance examina tion into the R.M.A., Woolwich. But a crammer's is not a very wholesome place for a lad to spend the years of adolescence in. But I have a pleasant memory of W inter himself. ' In the R.M.A., Woolwich, entrance examination in 1882 Close passed in second, being first in mathematics; while E. H. Hills (sometime F.R.S.) passed in first. The course was a good mixture of academic and technical subjects-a good dose of mathematics (not up to university standard as entrants were of age 16 to 18), French, German, artillery, fortification, field sketching, military history with drill and discipline; a little chemistry and less electricity. M athematical instruction was given by Professor Crofton with H art, M acM ahon and others; and there was good opportunity for any cadet who wished to learn.
Close became an under-officer in his last term. He lamented his lack of public school experience throughout his Woolwich course. Even so he passed out first, with prizes for mathematics and mechanics, and was awarded the Pollock Memorial Medal. He was commissioned on 5 July 1884, in the Royal Engineers, and joined the School of Military Engineering, Chatham, in the following September. In after years he referred to this sixteen months' course (at the S.M.E.) with affection, and remembered the kindly interest taken in the young officers by the Commandant (Colonel E. C. A. Gordon) and other senior officers. He also had good friends in his batch and found the instructional course excellent and interesting. During this course came the announcement, made at Mess, of the death of Gordon at K hartoum on 26 January 1885; which cast a gloom on this happy community. Gordon was born at Woolwich in 1833 and had joined the Royal Engineers in 1852.
The first spell of overseas service was at G ibraltar in 1886, followed by two years at Chatham, where he was first attached to, later in command of, the Balloon Section, R.E. In 1887 and 1888 there was practice in free runs as well as captive work. Hydrogen was pumped under pressure into steel cylinders which were carried on wagons. The first experiments with cigar shaped captive balloons were begun; but it was years later before the three tailed Caquot balloon solved the problem of getting a captive balloon to sail in the eye of the wind; and it was thirteen years before Santos Dumont made the first dirigible flight around the Eiffel Tower-which now seems ancient history.
There followed five years out east, of which the first was spent as Assistant Engineer in the construction of batteries for heavy guns on the banks of the River Hooghly below Calcutta. But the next posting brought Close to the subject of his life work. In 1890 he was attached to the Survey of India, and engaged for a year on topographic work in U pper Burma, a region recently brought under British administration after the deposition of King Thebaw early in 1886. After that Close was employed on the M andalay Meridional series of principal geodetic triangulation, of which he observed a stretch of 300 miles from Toungoo to K atha. This and also a geodetic azimuth at Letpataung were done with the Trough ton and Simms 12-in. theodolitethen, and until 1920 when the glass-arc theodolites came into use, the stan dard instrument for the highest class of work. Close also observed the secon dary Mong Hsat series along parallel 20° to Kengtung and the Siam border. (This series was replaced by a prim ary series in 1929-31 to effect the im portant junction with modern triangulation in Siam and thereby with Singapore and Indo-China.) The recess seasons, when computations were done, were spent at the Himalayan station, Mussoorie.
At that time the Survey of India attracted Royal Engineer officers who, like Close, had passed high out of the R.M .A., and of these already in the department were Burrard (later Colonel Sir S. G. Burrard, Bart, K.C.S.I., F.R.S.) and Lenox-Conyngham (now Colonel Sir Gerald Lenox-Conyngham, Kt, F.R .S.). M ajor General J. T. Walker, C.B., F.R.S., had retired from position of Surveyor General in 1883. Outside the corps, J . B. N. Hennessey, C.I.E., F.R.S., who was deeply associated with the simultaneous adjustment of the Indian Triangulation, had retired in 1883. The Survey of India had great prestige and offered unrivalled opportunities for practical geodesy. Close often claimed that his service there had been of great value to himself, and later on he introduced Survey of India methods at Chatham. But in 1894 Close, at his own request, left India and was posted to the command of an R.E. Company at Chatham. At that time geodetic work in India was largely concerned with the accumulation of astronomical determinations of latitude and azimuth with a view to the elimination of the effects of local attractions of the plumb-line which were then believed to be purely local in character, so that the means of large numbers of observations could be expected to be free from their effects. Close, who was always full of energy and initiative, was not attracted by this kind of work and decided that he would leave India and try to obtain an entry into African Surveys, where the problems were as yet little known. He had by this time acquired a good survey reputation, and in 1895 he was sent to West Africa to survey the boundary region between the Niger Coast Protectorate and the German colony of Kamerun. In his narrative he wrote: 'The portion that I was asked to survey was that stretching from the Rapids of the Cross River to a point near the sea, at the junction of two creeks. My German colleague was Lieut, von Besser, and I had as my assistant, Captain E. P. S. Roupell. The direct distance between the terminal points was only 70 miles, but for the most part the forest was very thick and the distance by bush path very much greater. We went up the Cross River in a flotilla of small ships, disembarked and marched across the previously unknown stretch of country. The positions of villages were determined by astronomical methods. We came to a satis factory agreement. Whilst at Old Calabar I had the good fortune to meet M ary Kingsley who had just returned from her adventurous journey in the Ogowe country in French Equatorial Africa. At Old Calabar I tried the Runge-Schlichter method of photographing the moon with star-trails for longitude, with a special camera devised by E. H. Hills. But the weather was cloudy, and when not cloudy there was usually haze, so no results.5
Soon after this work was over Close was appointed to the Ordnance Survey under Sir John Farquharson, and learned its routine, of which he wrote: 'It was a regular machine; each man and officer had his appointed job, and the work of making and revising the large-scale plans of the United Kingdom went on with accuracy and despatch, and that, after all, was the main purpose of the Survey. But the small-scale maps left something to be desired, and the Ordnance Survey was quite out of touch with the world of science, and was decidedly at a loss when anything out of the normal routine was put before it. Thus, when it undertook to make large-scale plans of Guernsey, and it became desirable to mark the longitudes, it was actually proposed to send over a corporal to take lunar distances, although Guernsey was well connected to the French primary network.5
In 1898, and at the age of 33, Close was given the im portant and respon sible position of British Commissioner to delimit the frontier between British Central Africa and Northern Rhodesia on the one side, and German East Africa on the other, rather more than 200 miles between lakes Nyasa and Tanganyika. Captain R. Boileau was Assistant Commissioner and the German member was H auptm ann Hermann. Close saw M r Rhodes, who promised every help. He had consultations with Sir David Gill, F.R.S., then H.M . Astronomer at the Cape, and had the use of the transcontinental telegraph line which then reached a point near the west shore of Lake Nyasa.
Close and Dr Kohlschiitter exchanged time signals between this point and Cape Town, over 1900 miles of wire, and then extended the longitude to the boundary zone by transport of chronometers. The detailed boundary line recommended was accepted in due course. Those who attended the assembly of the International Association of Geodesy and Geophysics at Edinburgh in 1936 will remember Dr Kohlschiitter, who, by that time, had retired from the post of Director of the Geodetic Institute at Potsdam.
Close was decorated with the G.M.G. in 1899. Next year he took out a small survey section for the South African W ar. Maps were hardly existent 'directly due to the stubborn resistance of Secretaries of State and the Treasury, who utterly refused in peace time to map even our own territory'. His work in Africa, however, soon came to an end, for he got enteric and was invalided home.
M arch 1902 found him Chief Inspector in Surveying at the School of Military Engineering, Chatham. Here he introduced the full methods of the Survey of India, as regards small-scale topography; and here he wrote the Text book of topographical and geographical , using, to the full, experi ences of brother officers in surveying and exploring all over the world. This work, which has gone through three editions, has become the topo graphical surveyor's bible. The practice of survey does not remain stationary, and great wars give powerful stimuli. The third edition (1925) gave the position of air-photo-surveying at that time, as well as wireless developments, so im portant for longitude determination. Since then very great advances have been made, and a fourth edition is under compilation.
Close remained in survey continuously for the future. In 1905 he was appointed Head of the Geographical Section of the General Staff at the W ar Office, which he considered the most interesting of his various appointments. He described this section of the W ar Office: 'It was closely in touch with the Foreign Office and the Colonial Office, and was usually consulted by these Offices on the many boundary questions which arose in those days. Notably the boundaries of the Congo State. I was one of the British members of the conference held at Brussels between British, Belgian and German represen tatives to settle this vexed question of the Congo frontiers. We came to an amicable agreement. O f course there was a large amount of purely Army work, including preparations for the future Great W ar. I served under two very able chiefs, who were Directors of M ilitary Operations, Spencer Ewart and Henry Wilson.' Close reached the rank of Lt.-Colonel (in 1908) having been promoted M ajor in 1901. About this time he was largely instru mental in the formation of the Colonial Survey Committee, designed to promote surveys in British colonies where they were generally non existent. He used to attend as a British delegate the assemblies of the Inter national Geodetic Association as well as the International Geographical Congresses. In 1908 the latter took place at Geneva, and on that occasion Close was very active in discussing the project for the Carte Internationale du Monde au Millionieme. The following year, having enlisted the support of the W ar Office and the Foreign Office, he was able to arrange the assembly of an international conference at the Foreign Office to decide the details of this project. This was attended by representatives of all the great powers and unanimous recommendations were drawn up. Though first proposed by Professor Penck in 1892, little progress had hitherto been made; but now the concrete proposals of the conference were discussed at the Congress at Rome in 1913. There it was decided to assemble a still more representative conference in Paris; and the following December representatives of 35 states attended. The large number of maps on this system, covering a great part of the globe, form a glowing tribute to the driving power of Close, who did so much to launch the scheme.
In 1911 Lord Carrington offered Close the appointment of DirectorGeneral of the Ordnance Survey of the United Kingdom, and this was accepted. Close wrote: 'I had a very easy task in obtaining the goodwill of the two thousand civil assistants, because there had recently been published the report of a committee which had been formed to discuss their grievances, and we were able, with Treasury approval, to adopt all the recommendations of the committee. The Ordnance Survey was a good machine, but it was rather out of touch with both the public generally and with the scientific world in particular. O f scientific interest was the fact that my predecessor, Colonel S. C. N. Grant, had decided to carry out a second geodetic levelling of Great Britain; this had not been actually started when I took over the Survey. I put Captain E. O. Henrici in charge of the work and directed the creation of "fundamental points" , founded on rock where possible, and of a character likely to last for hundreds of years; and also the establishment of three mean-sea-level stations at Dunbar, Felixstowe and Newlyn. The stations at D unbar and Newlyn have been at work ever since; D unbar was opened in 1913 and Newlyn in 1915. Unfortunately my successor abolished the mean-sea-level station at Felixstowe so that we have now no satisfactory means of watching the supposed sinking of the East Coast of England.' This stopping of tidal measurements at Felixstowe was directly due to the famous 'Geddes Axe', so well thought of by some! Close just failed to live to see the rightness of his own plan, so foolishly annulled, emphasized by the disastrous flooding of early 1953.
There were only three clear years after his appointment as DirectorGeneral, Ordnance Survey, before the beginning of World W ar I. The revision of spirit-levelling was begun, but it was 1922* before M r H. L. P. Jolly, who had, at Close's instigation, been appointed a scientific adviser to the Ordnance Survey, brought out the Levelling Report. From August 1914 onwards the Ordnance Survey was chiefly engaged upon the work of drawing and printing the great number of maps required by the services in the War, especially the large-scale trench maps which were often wanted at very short notice. Altogether the Ordnance Survey issued more than * Another appointment a few years later also due to Close was that of O.C.S. Crawford in 1920 as Archaeology Officer.
32 million war maps. Towards the end of the war an O.S. branch was estab lished in France to expedite the production of maps for the armies on the Western Front. Periodically Close used to visit the Western Front to consult H .Q . authorities regarding map supply.
After the war came the unpleasant business of reducing the strength of the Ordnance Survey in accordance with decisions of various committees. These were too drastic, as few realized the great changes that had taken place in the English countryside-the new roads and ribbon development. In many places the large-scale plans became utterly out of date. These reduc tions and the unrest that was spreading through the land affected the personnel of the Survey, and Close's last years as Director were marred by a change for the worse in his relations with the civil staff. So ended his official life in 1922, at the retiring age corresponding to his army rank of full Colonel.
But Close had 30 years more before him, and retirement in no way meant cessation of activities. His many interests, developed during his official life, were unabated, and in some ways he had greater opportunities for pursuing them. In his early days he wrote a few papers on Small Arms gunnery and the 'Use of mathematics to a soldier'. An early note on map projections appeared in 1901; and this subject held his interest throughout his life, though it was not until his last year in office that he published more on it. The Halley Lecture, which he delivered at Oxford in 1914, formed a part of Ordnance Survey Professional Paper No. 3, published the same year and entitled 'Notes on the geodesy of the British Isles'. This was a useful sketch showing the rather disconnected impacts of British workers on geodesy. Stimulated by Newton's law of universal attraction, Maskelyne proposed the Schiehallien observations in 1772 which were completed four years later. The attraction of the mountain at points north and south of it were indubitably proved and the calculations of the amounts were made by Charles H utton, F.R.S. In the course of this work Hutton was led to invent, at least so far as this country is concerned, the use of lines of equal height or contours. Captain Henry K ater, F.R.S. (H.M. 12th Foot), who was appointed an assistant to Colonel Lambton, F.R.S., in India, like Close some 90 years later, returned after a few years to England, and made his famous pendulum designs and observations, with the object of finding the change of length of the seconds pendulum with change of latitude. Then there were questions of datum from which heights should be measured. The Rev. W. Whewell, F.R.S., Master of Trinity College, remarked about 1837, that 'surveyors and naval men are in the habit of assuming the surface of low-water to represent the level of the sea . . .'. In 1784 General Roy measured a base on Hounslow Heath from which to start the triangulation connecting with France for the determination of the longitude difference Greenwich-Paris; this measurement was an operation of sufficient interest to attract King George III as well as other notables, including the President of the Royal Society, Sir Joseph Banks, to the Heath. Looking back, there seem to be high-lights and gaps! The Ordnance Survey was born in 1791 with the double object of continuing geodetic operations and accurately mapping the U.K.
When Close became Director-General Ordnance Survey, his thoughts soon turned to scientific matters, neglected in the Ordnance Survey since the year when Colonel A. R. Clarke, F.R.S., whose work had added much lustre to British geodesy, had been led to retire prematurely. The Halley Lecture, delivered in 1914, shows how Close had picked up the threads, and was no doubt planning to weave them together. He had already begun the re-levelling of Great Britain already referred to; but his period of office, 1911-22, was soon to be dominated by World W ar I: and after that came the 'Geddes Axe'-not favourable circumstances for scientific projects, then regarded as luxuries. In writing these historical and individual notes, Close performed a service to the Ordnance Survey as well as to British geodesy and British surveyors. His style of writing is remarkable for the way in which much factual infor mation is conveyed in a most attractive manner. In 1922 he wrote 'Note on two double or two point map projections'. The first requires that at each of two selected points on the map great circles shall be represented by straight lines at their correct azimuth. This projection enables a ship's position to be plotted from the azimuths of its wireless waves at the two points, signalled to it. The second projection ensures that distances from two selected points shall be true to scale. If these two points, A, B, are the terminals of a steamer route, then the distances from both ports to any plotted position can be read off directly. Alternatively, the projection may be applied to the celestial sphere, with A at the pole and B at the zenith, and C being any star plotted by its right ascension and declination. The zenith distance can be read off and is useful for a theodolite setting. 'Transverse Mollweide projection' was published in 1927. This is an equal area projection. Choosing meridian 70°E. as the central meridian, the projection deals remarkably well with the land areas (with the main exception of South America) for a map of the whole world on one sheet. The British Empire and Commonwealth is favourably portrayed. At the International Geographical Congress (1934) But the whole subject of surveying and cartography still maintains its importance and has been vivified in recent years by the advent of airphotography, wireless transmissions of signals and improved printing methods, and at sea by the introduction of echo-sounding. A little later 'W hat use are we making of the limited surface which is at our disposal? How do the varied geographical factors affect the human race? And how is the human race affecting its habitat? " The Earth as the Home of M an" , that is the ultimate thesis of all our manifold discussions. It is the geographical background of a vast number of modern problems. O ur Earth is limited in size, and its resources are limited also; but the Earth is our possession, and we are to a large degree masters of our own fate. We should join together and see that we make the best use of our heritage. ' Close was on the Council of the Royal Geographical Society continuously for 35 years, resigning at the age of 75, in 1940, when he thought it right to make way for younger men. He was Hon. Secretary, 1908-11, Vice-President a good many times, Victoria Gold Medallist in 1927, and President, 1927-30. These were very active and interesting years, and included im portant under takings. The new part of Lowther Lodge, that is the lecture theatre, the library, and the council and map rooms were built. Then there was the organizing of the International Geographical Congress in London and Cam bridge, in which Close had a treble role-as President of the Royal Geo-graphical Society, Chairman of the National Committee for Geography and General Secretary of the International Union. Finally the Society celebrated its Centenary in 1930. He conducted the meetings of the R.G.S. with genial distinction. His successor in the Presidential Chair, Admiral Sir William Goodenough, had occasion to comment on Sir Charles's conduct of the deliberations about the plans for the new buildings. He commended 'his application and unerring judgment, his care that all should be given an opportunity of expressing their opinions, and his summing up of the whole'. He was also ready to listen to the opinions of the Staff, and treated them fairly and with consideration. Everyone was made to feel their work was appreciated. He had definite ideas on what required to be done, and he » generally got his way after patient negotiations. He was determined, following the earlier proposals of Dr Hogarth, that adequate provision should be made in the New Building for the Library and M ap Collection, and the final provision for them owed much to him.
He displayed the same qualities as President of the International Geo graphical Congress at Amsterdam, 1938. There was a certain amount of tension among the various nationalities, but Arden-Close got things running smoothly and carried out his duties extremely conscientiously.
He took a wide view of the content of geography, but, as befitted his scientific training, did not countenance vague generalizations or slipshod work.
In 1927 Close became President of the Geographical Association, to which body he gave an address on 'Population and M igration'. Then, in 1931, he was elected President of the International Union for the Scientific Investiga tion of Population Problems. This Union was recognized officially by several countries, but not by Great Britain. Close attended Congresses at Geneva (1927) , Berlin (1935) , Paris (1937) ; and at the last handed over the Presi dency to M. Landry, ancien ministre. He wrote numerous papers and articles on population matters and was naturally keenly interested in the relation of high population in England to food supply, as may be gathered from the list of his publications.
His life, both before and after retirement, was one of public service. His interests persisted until his last year, as exampled by his review in the In recalling the experiences of this long life, some of the qualities of Sir Charles may be seen. Throughout he showed great versatility and rapidly mastered the duties entrusted to him-balloons, fortifications, topographic survey, and then geodetic triangulation under Burmese conditions, boundary survey in Central Africa, instruction of others, writing of a comprehensive survey manual and administration. After retirement he was concerned with a host of matters to some of which reference has been made. All matters relating to maps came within his purview, and he showed great initiative and drive in bringing about desired developments. He seems to have excelled at establishing and maintaining happy relations with those with whom he worked. He was an accomplished chairman and organizer. In everyday life he was a most amusing and genial companion; but when circumstances required it, as, for instance, when presiding over an International Congress, he could assume an air of great dignity, and could speak with great gravity and authority. He made and kept friends, and had the good opinion of many who did not know him personally. He was a charming and most modest man who took an immense interest in many things.
In 1913 
